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<54) TACTILE SENSE PRESENTATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tactile sense presentation device which can 
present a tactile sense to a finger in accordance with an image in virtual space. 
SOLUTION: A real globe is constituted with a tactile sense generater 21 to generate 
felling of a finger in contact with an object appearing in the virtual space (for example, 
distribution of contact intensity such as texture, form, strength and the like), a force 
sense generater to generate the feeling of the strength of the force applied on a hand 
or a finger in contact with the object appearing in the virtual space, a position posture 
detector, a control unit, a signal processor, and a signal transmitter receiver. The 
tactile sense generater 21 is constituted with a plurality of unit tactile sense 
generaters 210 consisting of a power generater 21 1 equipped with a motor 211a, an 
actuator wire 212, a wire supporting part 213 to hold one end of the actuator wire 212, 
a tactile sense presentation pin 214 to apply pressure on a finger pad in order to 
generate the tactile sense, and a tactile sense presentation pin supporting part 215. 
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Japanese Unexamined Patent Publication No. 316493/2003 

(Tokukai 2003-316493) 



A. Relevance of the Above-identified Document 

This document discloses prior art as technical 
background of the present invention. 

B. Translation of the Relevant Passages of the Document 

See the attached English Abstract. 

[CLAIMS] 

1. A tactile sense providing apparatus, comprising: 
wear means, which is worn in a finger; and 

tactile sense provoking means for providing a. tactile sense 
for the finger, 
wherein: 

the tactile sense is provided for the finger in accordance 
with a virtual space image. 

2. The tactile sense providing apparatus as set forth in 
claim 1 , further comprising: 

control means for controlling driving of the tactile sense 
provoking means in accordance with the virtual space image. 

3. The tactile sense providing apparatus as set forth in 
claim 2, wherein: 

when the finger touches a target object of the virtual 
space image, the control means controls the driving of the 
tactile sense provoking means such that a sense corresponding 
to a sense of touching the target object is provided for the 
finger. 
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4. The tactile sense providing apparatus as set forth in 
any one of claims 1 through 3, wherein: 

the tactile sense provoking means includes a plurality of 
individual tactile sense provoking sections including pressing 
sections for pressing the inside of the finger. 

5. The tactile sense providing apparatus as set forth in 
claim 4, wherein: 

the individual tactile sense provoking sections are 
independent from one another. 

6. The tactile sense providing apparatus as set forth in 
claim 4 or 5, wherein: 

the pressing sections are provided along the inside of the 
finger. 

7. The tactile sense providing apparatus as set forth in 
any one of claims 4 through 6, wherein: 

the pressing sections are so provided in a matrix manner 
as to correspond to the inside of the finger. 

8. The tactile sense providing apparatus as set forth in 
any one of claims 4 through 7, wherein: 

each of the individual tactile sense provoking sections 
includes a driving mechanism for driving each of the pressing 
sections. 

9. The tactile sense providing apparatus as set forth in 
claim 8, wherein: 

the driving mechanism includes (i) a stretchable line 
member to which the pressing section is fixed and which is 
movably installed, (ii) moving means for causing the line 
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member to move in a longitudinal direction of the moving means, 
and (iii) a moving direction regulating means for regulating a 
moving direction of the pressing section, and 

when the line member is moved in a predetermined 
direction, the pressing section is so guided by the moving 
direction regulating means as to project into the inside of the 
finger, so that the inside of the finger is pressed by the pressing 
section. 

10. The tactile sense providing apparatus as set forth in 
claim 9, further comprising: 

momentum rendering means for rendering, to the line 
member, momentum in a direction reverse to the direction in 
which the line member is moved such that the pressing section 
is projected. 

11. The tactile sense providing apparatus as set forth in 
claim 10, wherein: 

the momentum rendering means is so provided as to face 
one end of the line member, and the moving means is so 
provided as to face another end of the line member, and the 
pressing portion is so provided as to face a portion between said 
one end of the line member and said another end thereof. 

12. The tactile sense providing apparatus as set forth in 
claim 10, wherein: 

the pressing section also serves as the momentum 
rendering means. 

13. The tactile sense providing apparatus as set forth in 
claim 10 or 12, wherein: 

at least a part of the pressing member is made of an 
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elastic member, and the momentum is rendered to the line 
member by restoring force of the elastic member. 



14. The tactile sense providing apparatus as set forth in 
any one of claims 9 through 13, wherein: 

the line member is moved along the inside of the finger. 

15. The tactile sense providing apparatus as set forth in 
any one of claims 4 through 14, wherein: 

the pressing section presses the inside of the finger in a 
direction substantially perpendicular to the inside of the finger. 

16. The tactile sense providing apparatus as set forth in 
any one of claims 1 through 15, further comprising: 

position detection means for detecting a position of the 
finger, 

wherein: 

the tactile sense is provided for the finger in accordance 
with information supplied from the position detection means. 

17. The tactile sense providing apparatus as set forth in 
any one of claims 1 through 16, further comprising: 

communication means for transmitting or receiving a 
signal. 

18. The tactile sense providing apparatus as set forth in 
claim 17, wherein: 

the tactile sense provoking means is driven in 
accordance with the signal transmitted from the 
communication means. 



19. The tactile sense providing apparatus as set forth in 
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any one of claims 1 through 18, further comprising: 

image generating means for generating the virtual space 
image. 

20. The tactile sense providing apparatus as set forth in 
claim 19, wherein: 

the image generating means updates the virtual space 
image in accordance with movement of the finger. 

21. The tactile sense providing apparatus as set forth in 
claim 19 or 20, further comprising: 

communication means for transmitting a signal to the 
image generating means or receiving a signal therefrom. 

22. The tactile sense providing apparatus as set forth in 
any one of claims 1 through 21, further comprising: 

display means for displaying the virtual space image. 

23. The tactile sense providing apparatus as set forth in 
claim 22, wherein: 

the display means is worn in a user's face. 

24. The tactile sense providing apparatus as set forth in 
claim 22 or 23, further comprising: 

communication means for transmitting a signal to the 
display means or receiving a signal therefrom. 

25. The tactile sense providing apparatus as set forth in 
any one of claims 1 through 24, further comprising: 

force sense provoking means for providing a force sense 
for the finger, 
wherein: 
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the tactile sense is provided for the finger in accordance 
with the virtual space image. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

The present invention relates to a tactile sense providing 
apparatus. 

[0002] 
[BACKGROUND ART] 

Disclosed in Japanese Unexamined Patent Publication 
Tokukaihei 06-282371 is a virtual space desktop apparatus. The 
virtual space desktop apparatus is so arranged as to display a 
virtual space image such as a book, and as to turn a page of the 
appeared virtual book in response to user's operation of turning 
the page. 

[0003] However, such a conventional apparatus never 
allows the user to feel texture of a sheet of the book, and to 
have a sense of touching, e.g., an edge of the sheet. This makes 
the user feel strange. 

[0004] In a normal operation of turning the page, the page 
is turned in such a manner that: the reader recognizes the edge 
of the sheet in accordance with the tactile sense, and pinches 
and raises the sheet (page). However, the conventional 
apparatus never allows the user to feel the tactile sense in the 
hands and the fingers. Accordingly, every time the reader turns 
the page of the book, the reader needs to pay attention to the 
edge of the sheet of the book so as to bring the fingers to the 
edge. This is bothering and time-consuming. 

[0005] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

The present invention is made so as to provide a tactile 
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sense providing apparatus for providing the tactile sense in the 
user's finger in accordance with a virtual space image. 
[0006] 

[MEANS FOR SOLVING THE PROBLEMS] 

The object is achieved by the following present inventions 
(1) through (25). 

[0007] (1) A tactile sense providing apparatus includes: (i) 
wear means, which is worn in a finger; and (ii) tactile sense 
provoking means for providing a tactile sense for the finger, 
wherein: the tactile sense is provided for the finger in 
accordance with a virtual space image. 

[0008] (2) The tactile sense providing apparatus as set 
forth (1) further includes: control means for controlling driving 
of the tactile sense provoking means in accordance with the 
virtual space image. 

[0009] (3) The tactile sense providing apparatus as set 
forth in (2) may be arranged such that: when the finger touches 
a target object of the virtual space image, the control means 
controls the driving of the tactile sense provoking means such 
that a sense corresponding to a sense of touching the target 
object is provided for the finger. 

[0010] (4) The tactile sense providing apparatus as set 
forth in any one of (1) through (3) may be arranged such that: 
the tactile sense provoking means includes a plurality of 
individual tactile sense provoking sections including pressing 
sections for pressing the inside of the finger. 

[0011] (5) The tactile sense providing apparatus as set 
forth in (4) may be arranged such that: the individual tactile 
sense provoking sections are independent from one another. 

[0012] (6) The tactile sense providing apparatus as set 
forth in (4) or (5) may be arranged such that: the pressing 
sections are provided along the inside of the finger. 
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[0013] (7) The tactile sense providing apparatus as set 
forth in any one of (4) through (6) may be arranged such that: 
the pressing sections are so provided in a matrix manner as to 
correspond to the inside of the finger. 

[0014] (8) The tactile sense providing apparatus as set 
forth in any one of (4) through (7) may be arranged such that: 
each of the individual tactile sense provoking sections includes 
a driving mechanism for driving each of the pressing sections. 

[0015] (9) The tactile sense providing apparatus as set 
forth in (8) may be arranged such that: the driving mechanism 
includes (i) a stretchable line member to which the pressing 
section is fixed and which is movably installed, (ii) moving 
means for causing the line member to move in a longitudinal 
direction of the moving means, and (iii) a moving direction 
regulating means for regulating a moving direction of the 
pressing section; and when the line member is moved in a 
predetermined direction, the pressing section is so guided by 
the moving direction regulating means as to project into the 
inside of the finger, so that the inside of the finger is pressed by 
the pressing section. 

[0016] (10) The tactile sense providing apparatus as set 
forth in (9) further includes: momentum rendering means for 
rendering, to the line member, momentum in a direction reverse 
to the direction in which the line member is moved such that 
the pressing section is projected. 

[0017] (11) The tactile sense providing apparatus as set 
forth in (10) may be arranged such that: the momentum 
rendering means is so provided as to face one end of the line 
member, and the moving means is so provided as to face 
another end of the line member, and the pressing portion is so 
provided as to face a portion between the one end of the line 
member and the another end thereof. 
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[0018] (12) The tactile sense providing apparatus as set 
forth in (10) may be arranged such that: the pressing section 
also serves as the momentum rendering means. 

[0019] (13) The tactile sense providing apparatus as set 
forth in (10) or (12) may be arranged such that: at least a part 
of the pressing member is made of an elastic member, and the 
momentum is rendered to the line member by restoring force of 
the elastic member. 

[0020] (14) The tactile sense providing apparatus as set 
forth in any one of (9) through (13) may be arranged such that: 
the line member is moved along the inside of the finger. 

[0021] (15) The tactile sense providing apparatus as set 
forth in any one of (4) through (14) may be arranged such that: 
the pressing section presses the inside of the finger in a 
direction substantially perpendicular to the inside of the finger. 

[0022] (16) The tactile sense providing apparatus as set 
forth in any one of (1) through (15) further includes: position 
detection means for detecting a position of the finger, wherein: 
the tactile sense is provided for the finger in accordance with 
information supplied from the position detection means. 

[0023] (17) The tactile sense providing apparatus as set 
forth in any one of (1) through (16) further includes: 
communication means for transmitting or receiving a signal. 

[0024] (18) The tactile sense providing apparatus as set 
forth in (17) may be arranged such that: the tactile sense 
provoking means is driven in accordance with the signal 
transmitted from the communication means. 

[0025] (19) The tactile sense providing apparatus as set 
forth in any one of (1) through (18) further includes: image 
generating means for generating the virtual space image. 

[0026] (20) The tactile sense providing apparatus as set 
forth in (19) may be arranged such that: the image generating 
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means updates the virtual space image in accordance with 
movement of the finger. 

[0027] (21) The tactile sense providing apparatus as set 
forth in (19) or (20) further includes: communication means for 
transmitting a signal to the image generating means or receiving 
a signal therefrom. 

[0028] (22) The tactile sense providing apparatus as set 
forth in any one of (1) through (21) further includes: display 
means for displaying the virtual space image. 

[0029] (23) The tactile sense providing apparatus as set 
forth in (22) may be arranged such that: the display means is 
worn in a user's face. 

[0030] (24) The tactile sense providing apparatus as set 
forth in (22) or (23) further includes: communication means for 
transmitting a signal to the display means or receiving a signal 
therefrom. 

[0031] (25) The tactile sense providing apparatus as set 
forth in any one of claims 1 through 24 further includes: force 
sense provoking means for providing a force sense for the finger, 
wherein: the tactile sense is provided for the finger in 
accordance with the virtual space image. 

[DESCRIPTION OF THE EMBODIMENTS] 

[0033] Fig. 1 is a diagram schematically illustrating an 
example of each structure of (i) a' tactile sense providing 
apparatus 1 of Embodiment 1 of the present invention and (ii) a 
tactile sense/ force sense providing system having the tactile 
sense providing apparatus 1. Fig. 2 is a block diagram 
illustrating an example of a structure of a circuit of each of real 
gloves shown in Fig. 1. Fig. 3 is a diagram illustrating an 
example of an external structure of the real glove shown in Fig, 
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1. 

[0034] As shown in Fig. T, the tactile sense /force sense 
providing system includes a pair of real gloves (data gloves) 20, 
a virtual space display apparatus (display means) 5, an 
information processing apparatus 8, and a base station 9. The 
real gloves 20 are respectively worn in the hands (fingers) of the 
user so as to cause the user to feel a tactile sense and a force 
sense in the hands and the fingers. The wording "tactile sense" 
refers to a sense of tactually recognizing texture of an object, a 
shape thereof, and a distribution of intensity (e.g., strength) of 
touching the object. The wording "force sense" refers to a sense 
of force exerted when touching the object. The virtual space 
display apparatus 5 displays a virtual space image (virtual 
space video picture). The base station 9 produces the virtual 
space image, and provides various services using such a virtual 
space image. 

[0045] As shown in Fig. 2, each of the real gloves 20 
includes tactile sense provoking sections (tactile sense 
provoking means) 21, force sense provoking sections (force 
sense provoking means) 22, position/pose detecting sections 23, 
a control section 24, a signal processing section 25, and a 
signal transmitting/ receiving section 26. Each of the tactile 
sense provoking sections 2 1 causes the user to have a feeling of 
touching, by the fingers, an object (target object) appeared in 
the virtual space. The feeling of touching refers to the sense of 
tactually recognizing the texture of the object, the shape thereof, 
and the distribution of intensity (e.g., strength) of touching the 
object. Each of the force sense provoking sections 22 causes the 
user to feel the strength of force exerted on the hand and the 
fingers when touching the object appeared in the virtual space. 
The position/pose detecting sections 23 detects respective. 
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positions of portions of the real glove 20 (respective positions of 
portions of a hand, a wrist; an arm, or a finger, each of which 
wears the real glove 20). The control section 24 controls the 
portions of the real glove 20. The signal processing section 25 
carries out signal processing such as amplification of a signal to 
be transmitted to the information processing apparatus 8. The 
signal transmitting/ receiving section 26 carries out wireless 
communication with the information processing apparatus 8. 

[0046] Further, as shown in Fig. 3, the real glove 20 has a 
substantially long glove-like shape (glove-like shape). In other 
words, the real glove 20 includes a relatively long glove main 
body (wear means) 2a extending from each finger to the vicinity 
of the elbow. 

[0047] Formed in the glove main body 2a are: (i) a stopper 
27 for holding the worn glove main body 2a pulled in the 
direction of the elbow (base end) such that the fingers fully fit 
the glove main body 2a without any idle space; and (ii) a 
stopper for fixing the wrist; and (iii) a twist absorbing section 29 
for absorbing twist in the arm. 

[0048] Each of the stoppers 27 and 28 is an elastic 
member such as a rubber. 

[0049] The twist absorbing section 29 is a stretchable 
member such as a fabric made of a stretchable material. In the 
present embodiment, the twist absorbing section 29 is made up 
of three stretchable stripe-like members. 

[0050] Further, the glove main body 2a has openings 21a 
which are so formed in the back of the hand as to correspond to 
joints of the fingers, respectively. 

[0051] Note that a control section 24, an electric power 
supplying section 30, and a power generating section 211 are 
provided in a portion positioned in the direction of elbow with 
respect to the twist absorbing section 29. 



J 
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[0052] The tactile sense provoking section 2 1 has main 
sections which are so provided as to cover portions, which 
extends from the top joints to the fingertips, when the user 
wears the real glove 20, respectively. Each of the top joints 
refers to a joint positioned between the distal phalanx and the 
middle phalanx. Note that the tactile sense provoking sections 
21 have substantially the same structure and exhibit 
substantially the same, so that the following explanation deals 
with one of the tactile sense provoking sections 21. 

[0053] Each of Figs. 4 is a longitudinal cross sectional 
view illustrating an example of a structure of the tactile sense 
provoking section 21. For simplicity, Figs. 4 do not describe 
some of the respective thickensses of the members. 

[0054] As shown in Fig. 4(A), the tactile sense provoking 
section 21 includes a plurality of individual tactile sense 
provoking sections (actuators) 210. The individual tactile sense 
provoking sections 210 are independent from one another. Each 
of the individual tactile sense provoking sections 210 is made 
up of: (i) a power generating section (moving means) 211 
including a motor (driving source) 211a; (ii) actuator wires 
(plastic string members) 212 that are so installed as to be 
movable in the longitudinal direction; (iii) a wire holding section 
(momentum rendering means) 213 for holding one end of each 
of the actuator wires 212; (iv) a tactile sense providing pin 
(pressing section) 214 for pushing the inner surface of the 
finger so as to cause the user to feel the tactile sense; and (v) a 
tactile sense providing pin supporting section (moving 
direction regulating means) 215 for supporting the tactile sense 
providing pin 214 and regulating a moving direction of the 
tactile sense providing pin 214. 

[0055] The power generating section 211, the actuator 
wire 212 and the tactile sense providing pin supporting section 
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215 constitutes a driving mechanism for driving the tactile 
sense providing pin 214. 

[0056] The power generating section 211 carries out, e.g., 
the following process. That is, the power generating section 211 
carries out driving in accordance with a control signal sent 
from the control section 24. This causes rotation of the motor 
211a provided in the power generating section 211. The 
actuator wire 212 is reeled by the rotation of the motor 211a. In 
other words, the power generating section 211 carries out a 
process of pulling the actuator wire 212 in the longitudinal 
direction of the actuator wire 212. The control section 24 
controls the power generating section 211 in accordance with 
an instruction sent from the information processing apparatus 
8, with the result that the rotation of the motor 211a is carried 
out at a predetermined torque for a predetermined time. The 
power generating section 211 thus controlled exerts rotation 
power to the motor 211a in accordance with the instruction 
sent from the information processing apparatus 8, thereby 
carrying out the process of reeling a predetermined length of the 
actuator wire 212. 

[0057] See Fig. 4(A). One end (terminal end) of the 
actuator wire 212 is held, in the vicinity of the top joint, by the 
wire holding section 213. The wire holding section 213 is made 
from an elastic member such as a rubber and a spring. 

[0058] Therefore, the actuator wire 212 is reeled off by the 
driving of the motor 211a of the power generating section 211, 
and the actuator wire 212 is accordingly moved clockwise, with 
the result that the wire holding section 213 is stretched. The 
wire holding section 213 thus stretched has restoring force 
(elastic force) exerted, on the actuator wire 212, in the 
anticlockwise direction of the Fig. 4(A) (the direction reverse to 
the direction in which the actuator wire 212 is moved when 
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projecting the tactile sense providing pin 214). When the reeling 
of the actuator wire 212 is stopped in response to the stop of 
the driving of the motor 211a of the power generating section 
211, the wire holding section 213 is so shrunk by the restoring 
force (elastic force) as to pull the reeled actuator wire 212, with 
the result that the actuator wire 212 is moved in the 
anticlockwise direction of Fig. 4(A). 

[0059] Note that the power generating section 211 is 
provided on the side facing the other end (starting end) of the 
actuator wire 212. 

[0060] The tactile sense providing pin 214 is used to 
cause the user to feel tactile sense in the inside of the fingers 
(whether or not an object touches the fingers; how strong the 
object touches; and the like). The tactile sense providing pin 
214 is made up of (i) a minute contact plate (contact section) 
214a which is a portion making contact with the inside of each 
of the fingers; and (ii) a supporting section 214b for supporting 
the contact plate 214a. The supporting section 214b has one 
end fixed to a part of the actuator wire 212, and has the other 
end in which the contact plate 214a is provided. 

[0061] In the present embodiment, the glove main body 2a 
of the real glove 20 has a double-structured wearing portion for 
covering the finger. The wording "double structure" refers to, 
e.g., such a structure that can contain a member between two 
members, such as fabrics, superposed with each other. 
Moreover, the glove main body 2a has an inside (inside of the 
double structure) in which there are provided a part of the 
actuator wire 212, the wire holding section 213, the supporting 
section 214b, and the tactile sense providing pin supporting 
section 215 for regulating the movement of the tactile sense 
providing pin 214 such that the tactile sense providing pin 214 
does not move in the direction in which the actuator wire 212 
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moves. Further, the end, in which the contact plate 214a is 
provided, of the supporting section 214b is projected in the 
glove main body 2a to which the finger is inserted. 

[0062] The present embodiment assumes that the contact 
plate 214a always makes contact with each fingertip of the 
hands inserted in the real glove 20; however, the present 
invention is not limited to this, and the contact plate 214a may 
be detachable from the fingertip (the contact plate 214a may not 
be always touched with the fingertip). 

[0063] For simplicity, Fig. 4(A) merely describes one 
individual tactile sense provoking section 210 (one tactile sense 
providing pin 214); however, in fact, the tactile sense provoking 
section 21 includes the plural tactile sense provoking sections 
210 as described above. The tactile sense providing pins 214 
are so provided as to respectively correspond to the inside of the 
fingers when the user wear the real glove 20. For example, the 
tactile sense providing pins 214 are provided in the matrix 
manner along the inside of the fingers. 

[0064] The tactile sense supporting sections 215 are so 
provided as to sandwich each of the tactile sense providing pins 
214. Each of such tactile sense supporting sections 215 
regulates the movement of the tactile sense providing pin 214 
such that the supporting section 214b of the tactile sense 
providing pin 214 never moves in the direction in which the 
actuator wire 212 moves. 

[0065] Note that the tactile sense providing pins 214 may 
be provided in a regular manner, or be provided in an irregular 
manner. 

[0066] The following explains how the tactile sense 
provoking section 21 operates to cause the user to have the 
feeling of touch. When the user wears the real glove 20 and 
moves the hands and the fingers so as to touch, with the fingers 
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(the inside of the fingers), the target object (virtual object) 
appeared in a virtual space, ' the information processing 
apparatus 8 carries out calculation to find a pressure exerted in 
cases where the user actually touches the object. Then, the 
information processing apparatus 8 converts the result of the 
calculation into PWM data of the power generating section 211. 
The PWM data refers to, e.g., data indicative of an excitation 
pattern for rotating the motor 211a. 

[0067] In this case, the virtual space (three-dimensional 
space) is represented by the X axis, the Y axis, and the Z axis, 
which are orthogonally crossed with one another, i.e., is 
represented by the X-Y-Z coordinate (three-dimensional 
coordinate). Therefore, the object and user's fingertips are 
represented by coordinates, respectively. So, when it is detected 
that the coordinate of a portion of the object is coincide with the 
coordinate of a portion of a fingertip of the user, the portion of 
the object is so judged as to make contact with the portion of 
the fingertip of the user. The coordinate of the user's fingertip is 
found in accordance with the signal (information) sent from 
each of the position/ pose detecting sections 23 (described later) 
to the information processing apparatus 8 via the signal 
transmitting/ receiving section 26. 

[0068] Next, the information processing apparatus 8 
transmits, to the real glove 20, (i) the PWM data thus found and 
(ii) data for identifying (specifying) a target power generating 
section 211 by which the contact plate 214a is moved to exert 
the pressure onto the position onto which pressure is supposed 
to be exerted if the object was actually touched. The real glove 
20 drives the specified power generating section 211 in 
accordance with the received PWM data such that the actuator 
wire 212 is reeled off. 

[0069] The actuator wire 212 so provided as to correspond 
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to the inside of the finger is reeled off to move along the inside 
of the finger in the direction of the fingertip, with the result that . 
the tactile sense providing pin 214 fixed to the actuator wire 
212 is moved along the inside of the finger in the direction of 
the fingertip as shown in Fig. 4(B). 

[0070] In this case, the tactile sense providing pin 
supporting section 215 regulates the movement of the tactile 
sense providing pin 214 in the fingertip direction as shown in 
Fig. 4(C), and guides the tactile sense providing pin 214 to an 
upper portion shown in Fig. 4(C) (the tactile sense providing pin 
supporting section 215 causes the tactile sense providing pin 
214 to project into the inside of the finger). In other words, the 
contact plate 214a of the tactile sense providing pin 214 is 
caused to move upward in a manner perpendicular to the 
surface of the inside of the finger. During standby (initial state), 
the supporting section 214b of the tactile sense providing pin 
214 leans toward the fingertip with respect to the direction 
perpendicular to the finger tip, as shown in Fig. 4(B). Therefore, 
when the force causing the contact plate 214a to move upward 
substantially perpendicularly is exerted, the contact plate 214 
is caused to press the inside of the finger in the substantially 
perpendicular direction. With this, the pressure is exerted on 
the inside of the finger of the user's hand. 

[0071] Such an operation is carried out by specified one of 
the individual tactile sense provoking sections 210, with the 
result that the user have a sense of touch in the inside of the 
finger. As such, the user can have a sense equivalent to the 
sense of touching, in the inside of the finger, the object (target 
object) appeared as the virtual space image. 

[0072] When the reeling of the actuator wire 212 is 
stopped in response to the stop of the driving of the motor 211a 
of the power generating section 211 in the specified individual 
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tactile sense generating section 210, the wire holding section 
213 is shrunk due to the restoring' force (elastic force) so as to 
pull out the reeled actuator wire 212. 

[0073] The pull-out causes the actuator 212, positioned to 
meet the inside of the finger, to move along the inside of the 
finger in the base end direction of the finger (right-hand side of 
Fig. 4(c)). Accordingly, the tactile sense providing pin 214 fixed 
to the actuator wire 212 is caused to move along the inside of 
the finger in the base end direction of the finger, with the result 
that the tactile sense providing pin 214 is brought back to the 
initial state shown in Fig. 4(B). This substantially releases the 
pressure having been exerted on the inside of finger by the 
tactile sense providing pin 214. 

[0074] As such, in the tactile sense provoking section 21, 
the actuator wire 212 is provided substantially in parallel with 
the inside of the finger (provided along the inside of the finger). 
Moreover, the reeling-off of the actuator wire 212 thus provided 
makes it possible to exerts force substantially perpendicularly 
onto the inside of the finger. With this, the mechanism for 
providing the tactile sense becomes thinner. This allows the real 
glove 20 to have a minimal thickness in the side meeting the 

inside of the finger. 

[0075] This also allows prevention of relaxation of the 
actuator wire 212, so that pressure having a target strength can 
be exerted precisely and surely onto the inside of the finger of 
the user by the tactile sense providing pin 214. 

[0076] Each of Fig. 5 and Fig. 6 is an external view 
illustrating an example of a structure of each of the force sense 
provoking sections 22. Note that Fig. 5 illustrates that a frame 
cover is detached from the force sense provoking section 22. 

[0077] As shown in Fig. 5, the force sense provoking 
sections 22 are provided on the back of the fingers when the 
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user wears the real glove 20, respectively. Note that the 
structures of the force sense provoking sections 22 and the 
effect thereof are substantially the same, so that explanation 
thereof is focused on one of the force sense provoking sections 
22. 

[0078] The force sense provoking section 22 includes: (i) a 
link mechanism including a plurality of (six in the present 
embodiment) frames 221 rotatably connected to one another; (ii) 
a plurality of (seven in the present embodiment) link motors 
(driving sources) 222 for respectively rotating the frames 221; 
and (iii) a plurality of (four in the present embodiment), frame 
holders 2b provided in the glove main body 2a. 

[0079] The frame holders 2b are respectively provided in 
the following installation portions (1) through (4): (1) an 
installation portion corresponding to a portion positioned 
between each top joint of the user's fingers and each fingertip 
thereof; (2) an installation portion corresponding to a portion 
positioned between each top joint and each second joint (joint 
positioned between the middle phalanx and the proximal 
phalanx); (3) an installation portion corresponding to a portion 
positioned between each second joint and each third joint; and 
(4) an installation portion corresponding to a portion positioned 
between the base end of each finger and each third joint (joint 
positioned between the proximal phalanx and the metacarpal 
bone) . 

[0080] The link mechanism is fixed to a side of the glove 
main body 2a by the frame holders 2b in such a manner that 
the link mechanism is positioned in the back of each finger 
when the user wears the real glove 20. 

[0081] In other words, a frame 221 provided in the top 
end (right-hand side in Fig. 5) of the link mechanism is 
positioned such that the end of the frame 221 is positioned 
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within the portion between the top joint of the user s finger and 
the fingertip thereof when the user wears the real glove 20. The 
top end of the frame 221 is rotatably held by a frame holder 2b. 

[0082] On the other hand, a frame 221 provided in the 
base end (left-hand side in Fig. 5) of the link mechanism is 
positioned such that the end of the frame 221 is positioned 
within the portion between the third joint of the user's finger 
and the base end thereof when the user wears the real glove 20. 
The top end of the frame 221 is rotatably held by a frame holder 
2b. 

[0083] The other frames 211 are provided in the following 
manner. That is, frames 221 are positioned in the portion 
between the top joint and the second joint with a frame 
connecting section therebetween, when the user wears the real 
glove 20. On the other hand, frames 221 are positioned in the 
portion between the second joint and the third joint with a 
frame connecting section therebetween, when the user wears 
the real glove 20. The frames 221 are rotatably held by frame 
holders 2b in the frame connecting sections, respectively. 

[0084] The driving force (rotation force) generated by the 
link motors 222 is transferred to the corresponding frames 221 
via force transferring sections (not shown), respectively. 
Specifically, when each of the link motors 222 is driven to 
rotate in a predetermined direction, a frame 221 corresponding 
to the link motor 222 accordingly rotates in the predetermined 
direction, with the result that an angle of the frame 221 is 
changed (adjusted). 

[0085] Note that Fig. 5 illustrates a bundle 212a of the 
aforementioned actuator wires 212. 

[0086] The frames 221 and the link motors 222 of the 
force sense provoking section 22 are contained in, e.g., a fabric 
frame cover 2c, as shown in Fig. 6. 
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[0087] Provided in inside of the frame cover 2c are the 
plurality of (four in the present embodiment) position/pose 
detecting sections (position detecting means) 23 as shown in Fig. 
6. Each of the position/ pose detecting sections 23 is so 
provided as to maintain a certain position with respect to a 
target portion (detection position) for the position/pose 
detection. 

[0088] Specifically, in the present embodiment, the 
position/ pose detecting section 23 is installed and fixed to the 
link motor 222 fixed to the position in which each of the frame 
holders 2b is provided. This makes it possible that the portion 
in which the position/pose detecting section 23 is provided is 
maintained to be in a certain position with respect to a 
predetermined position on the palm side of the user's hand. 
Therefore, the position/pose detecting section 23 detects the 
position and the pose of the position/pose detection section 23, 
thereby detecting easily and precisely the position of the 
predetermined portion on the palm side of the user's hand. 

[0089] Further, the position/pose detecting section 23 is 
provided on the side facing the back of the hand. This makes it 
possible for the real glove 20 to have a thickness of the portion 
facing the inside of the user's hand, as thin as possible. 

[0090] Further, as shown in Fig. 3, such a position/pose 
detecting section 23 is also provided in a position which 
corresponds to a portion positioned in the base end of the arm 
of the real glove 20 when the use wears the real glove 20. 

[0091] These position/pose detecting sections 23 make it 
possible to surely recognize the positions and the poses of 
portions covered by real glove 20, respectively. Examples of 
such portions include the fingers, the hands, the wrists, and 
the arms. 

[0092] The following describes a force sense causing 
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movement of the force sense provoking section 22. When the 

user wearing the real glove 20 moves his/her hands or fingers 
to virtually touch the object (virtual object) appeared in the 
virtual space, the information processing apparatus 8 calculates 
a reaction force that would have been applied by the object 
against the fingers (respective joints of the fingers) if the object 
and the fingers were in actual contact. Then, the calculation 
result is converted into the PWM data for the link motors 222 
(for example, data indicating the excitation pattern for rotating 
the link motors 222). 

[0093] Judgment whether or not the object and 
hands/fmgers of the user are in contact is carried out in the 
same manner as of the tactile sense provoking section 21. 

[0094] The information processing apparatus 8 transmits 
the data to the real glove 20: the converted PWM data, and the 
data indicating target link motors 222 to be driven. The real 
glove 20 rotates, according to the supplied data, the designated 
link motors 222 in predetermined directions, respectively. Then, 
the real glove 222 rotates corresponding frames 221 in 
predetermined directions, and adjusts angles of the frames 221, 
respectively. In other words, the angles of the frames 221 
provided at both ends of the link mechanism and the angles of 
the frame connecting sections are adjusted. 

[0095] The angles of the frames 221 are adjusted as such, 
so that predetermined forces are applied to the predetermined 
frame holders 2b, respectively. Consequently, forces 
corresponding to the reaction forces which is supposed to be 
exerted from the object appeared in the virtual space are 
applied to the joints of the fingers of the user, respectively. In 
other words, the user is caused to feel the force sense in the 

joints of the fingers. 

[0096] Here, the force sense provoking section 22 has a 



I 
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function of adjusting the intervals among the worn sections that 
are to be worn in the positions of the fingers (the force sense 
provoking section 22 functions also as adjustment means). 

[0097] For example, as illustrated in Fig. 5, the 
predetermined frames 221 are rotated, and the angles of the 
frames 221 are adjusted, so that intervals between the frame 
holders 2b can be widened or narrowed. 

[0098] Fig. 7 is a block diagram illustrating a structure of 
the position/pose detecting section 23. In the present 
embodiment, the position/pose detecting section 23 uses an 
orthogonal coil type positioning sensor. Specifically, as 
illustrated in Fig. 7, the position/pose detecting section 23 is 
constituted with an X-direction detecting coil 231, a Y-direction 
detecting coil 232, and a Z-direction detecting coil 233. The 
X-direction, the Y-direction, and the Z-direction are orthogonal 

to one another. 

[0099] Further, the information processing apparatus 8 
includes a magnetic field exciting section (not illustrated) for 
exciting a magnetic field. Used as the magnetic field exciting 
section is, for example, a magnetic field exciting device having 
substantially the same structure as the position/ pose detecting 
section 23. In other words, an orthogonal coil type magnetic 
field exciting device (X-direction coil, Y-direction coil, 
Z-direction coil) is used as the magnetic field exciting section. 

[0100] Magnetic fields excited by the magnetic field 
exciting section are detected by the position/ pose detecting 
section 23. In this case, the magnetic fields are sequentially 
excited by the X-direction coil, the Y-direction coil, and 
Z-direction coil of the magnetic field exciting section. Then, the 
magnetic fields are detected by using the X-direction detecting 
coil 231, the Y-direction detecting coil 232, and the Z-direction 
detecting coil .233 of the position/pose detecting section 23, 
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respectively. 

[0101] In this way, the position/ pose detecting section 23 
detects the signals (detection data) indicating how the 
respective portions of the real glove 20 are positioned in the X, 
Y, and Z directions. Then, the signals are amplified by 
amplifiers 251 of the signal processing section 25, respectively. 
Thereafter, the signals thus amplified are transmitted to the 
information processing apparatus 8 via the signal 
transmitting/ receiving section 26 of the A/D converting section 

2. 

[0102] The information processing apparatus 8 thus 
having received the signals finds, in accordance with the 
signals (information), locations and poses of the portions (for 
example the fingers, the hands, the wrists, or the arms) wearing 
the real glove 20. Information on the locations and the poses is 
used in predetermined processes. 
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EMEffit&U -e^^— ^2 1 1 a^mKiEiSlCfc^TT 
^f-jLX-^V>f^2 1 2fc*fttttM (T?f^ 
— ^V-f -V2 12*T^fal-^7'ft2 1 2<0^# 

3rrtfc»tts*ft«a> fcffo. w«W24ii, 

g§£a8*>£><0f^(={£oT. W21 1 a<7)IH!|SiB 

2 1 1 £flJ13P-f ft. lteWft£»2 1 1(4. t#$B5&SI£B 
8*»4>OfB*fc«->T ; E-^2 1 1 afcEHKiWJfc**. 
&ZbX\ T^f-aX— ^-f^ 1 2fcWJ£*)*S* 

[00 5 7] «7 4 2 1 3(4. 04 (A) (CtjtT 
«fc o fc . £02QBB«"Cli»0* 1 laHS^ififiSTT 7 f- 

1 2<9-Sg «r«*Wft. 
7 4*fftt*2 1 3(4. «£tf:*A*><**fcV»Mfcfc 

[00 58] ftoT. .»*f6ife*2 1 l«*-^2 1 1 



a«>SgtttCiDT?f-*X-*!7-r-V2 1 2*<tt*U& 

n. -ecor^^-ax-^'7^^2 1 2**04 (a) 4*d 

3##3IU 7;faX-^7-f"V2-12tt, y>f-\*«""' 
J*»2 130«7C* <5Wfc*J> fc*0. 04 (A) 

w&ttmvrm m%wh^y2 1 4 

|<07^f *X-^7'fA'2 1 2 OSfflrfiftk j£fr|6]) 
fcHt»3*l*. *LT. U)7]^±a52 1 

1 a^ifflWHMiU 7?faX-^7-(t2 1 2<9& 
&lX9tt!R:W*»3*l.ftk. *«ft»2 1 3*««7C- 
* (3Wfc*J) fcio-CRaiL. iftCJO. 
T^fc7?faX-^7^t2 1 2#3l#ai$*U 04 

( a > *<?>%.mm *) iz&mtz . 

[00 59] 3:13. t!)*^S52 1 1(4. T?fiX- 
*7-f-V2 1 2<0fl!$§ (ttH) «WWrLTV»ft. 

[0060] mt&^v>2 1 4 (4. 3-~f<r>mmzi% 

2 14ak. «ttfBE2 14a*S!W*^d*«2 14b 
kTttJft§*ift. 2£&a52 1 4 b(4. Z<ry-WfiT9+ 
aX-^-f -V2 1 2*>3fc+fcBI5£3*u 

IMK2 14a3WR»tfe*lTV^ft.. 
[0061] iOSaeWB^i^ H4 ( A) 3 
(c. 'J7/^n-^2p<^®2alt m9t*W£*h 

mo ) mm&tf2Wtm mufttczn®®* 2# 

Sfc£*r&"C. Ma^ir^2ttO»«^)iafcflfe*^ 
Sm^JDQM J: 3 ^rflBB ) C^ttsO, 
~>X\^h%*rt<r>t 3 & < 2*ffjt<DF*J&) t=. fflBT^f- 
AX-^V-f -^2 1 2co— SS. !7-f -lrff»»2 1 3fci 
t/^S52 1 4 b k . mi&7r^>2 1 4^;f*X 

— ^7-f-V"2 l 2^lld!n«!i^B^«IJ^*)WHl 
5r^vl&fU2 1 5k*«BMtfeit"CV^. *L-C, «*« 
^$^1,^12 art(t. ^SP2 1 4 b<0-SffifflOA^ 
ffiL. iSS4^2 1 4 aA*fiL{BLTV^. 
[0062] Z.(Dmm&teX'li. *V>m®&2 14a 
(4. U 2 0 ^SI*L/S#^)l§ifet=«fcS«l 

UitfJSkSroT^i,. =5r*J. dtL^RB^. SffttS2 
1 4 a*qSjbb»fe«BLfc«« <«a*K2 1 4 akt!5fe 
k *^N«ao«!IS ) ^ k 0 #6 i a tiX^Xh 

[0063104(A) f(4. 

1OC0#{4M^^4iSI52 1 0 ( 100ft4^S7fc^^2 1 

tc(4. <i4^^ss2 K4. «sc<om(afi!m^4i^2 10 

SrWLTtJO. *0«»^IWHI*ty2 14«, a- 
<ftf V 2 0 k * cox-if *mt 

*8IBc«LffW« (vh'j7^«) (cSS^^v^ 
[0064 ] «-ft$^S*ev2 1 4<^>HUf^4. eh.*' 



*U -e^MESSt>2 14«7)5^g?2 14b?)T9 + 

^H*try^gp2 l 5jWK«t«vO**. 
[0065] BtHE#M^^e^2 1 414. Wfl 

mzmsznx^xi>x<. ^Mmizmmztix 

^Tt>4^. 

[ 0 0 6 6 ] fttc. Wm&M2 1 £4 &M3i$&iiiM£ 

u ^mzMfr-tz tizx ixws&mtzwxx^b 
mt* (w&m) . ttfrhttmnz. %<ry%&t (n 
jg) &<smmzmm-&t. mi^isii mmz 
mmfibn tit l e^i £f+ar l . zcoitma 
mzi> t^xmjimi^ i kdpwmx-? (ph*. 

(f. ^21 1 a$r|H]|S$^^^c7)Jii^^-y$- 
[0067] TwfEi&Sl^O ( 3&7i£m) iz 

-ra^x - y - zmm ( 3 &7cffigi ) wmfezixx t> 

{afc^ML^t^'N-^. x— ro*i5t<7)^{4. & 
xmrnummmsizmm^tihrn^- (mm) tz&iwx 

[0 0 681&WC. ffi$8*!UIgB8t4. ^ttlL^PW 

Mf- 9 1 . $zmzmm<$> ->rzt Ltzm^^mmm 
^znmmH-LhmmL2 i Aazmftmt&mumi 

SB2 1 1 £1#5£ (Jg£) -9-*lZ.*#yf—9t*. VTA 

9v-72oizmmt&. yr^u-^ote. §<i 

UiPWM-r-^fcJ&tT. ^§^^^552 1 
1 Srggf&U T?f-AX-*«7-f*2 1 2£3£#JR&. 
[0069] T^jlX-:*"?^ 2 1 2*Sg£JR£>*l 
mfcESfiT^ST^f-jLX-*^-^ 1 2 

(B) Kijrf4 5 r^^- J LX-^'7-f^2 1 2JC1R 

f+u^$<i-cv^ji!i!^i*e^2 1 4 1, . &mizm->x 
&<wkW5fa<,zm j tx®mi-h . 

[0070] dOHl. 04(C) £^4 d fc. WMM 

*e^2i4{4. fmmmvy3m®2 1 5K4-?Tfi 

<r>ftffi-Kft<^<rmmmm.Z1xhbti>\,z > assume 
>3m&2 1 5 £#4 F3*rC. 04 ( C ) *±ffi8^ 

ty2i 4<o^fet«2 1 4 a*^jgcoas^L{5(ars 
ttJJSrWHW-*. 84SS^t:>-2 i4<753a$SS2 1 4 
bl4. #®B*t{4 (^«®T'{4) .04 (B) fcjjrr 

IEi&fel!«l2 1 4 a*i{i{3TSia±*-^i&L4 ob^hl) 

w®<zbT. *<7>mm2 1 4 arfmrnzmmmu 
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[0071] ci^i!)f^*\ im<7)i$.<i[mm&.&2 1 o 

<03*.<0^$n7tm{aM^^4:gl52 10-C^$^ c 

• mtx*). ^-^<r>^v>?m.iz®m i m;zixh 
its c& 

[0072] imE*BSSnfc#ffltt«E»**2 1 0lC*J 
HT, Cfcftfe£*B2 1 ltf>*-*2 1 1 aC0gg»* { f?ih 
L. 7?faX-^7>(t2 1 2^#]R»)*t«* { ft?K5 
£*U>£. -V«»»2 1 3#«7yj £4 

-*»M*2 1 2s6^|*aSS*l*. 
[0073] T?f\xX-*74-*2 1 23&qi*aj**t 
■St. mmiZ^tlX^T 9^-^-9 ^^^2 1 2 

3WSKfc»-5TtBoaeB*i*i (04 (o ttm) *ci6j 
jrc»»L. 7^fax-?7>(t2 1 2izmm^ 

iiX^&te.MM7jkV>2 1 4 JgJSt=»-5TJi<0Sig 
^|SJtC|6jttT^i!)L. MOti&£>2 1414. 04 

( b ) iz^-ttj]MVtmzm& . dttt4 o . M^ti^e 
>2 1 4*»^>jl— ro^jgji^x^ti.rv^wff* 

[0 0 74] i^4p=5rMK^±S52 ltei*Uf. «K 
tcWLTearwfci (18JH*c»->t) 7?f*i-?7 

-(■^2 1 2$rlSML. W^f4X-^7-ft2 12 
Sri§# IRS .1 b lz 4 o TiSBWdft tTiJJiTSitt^^ £-5- 

»<«itm. ^ixt^4 0. VTA9O-72 0 

ofzmmomx-zmjjwz. zzb ttx-* h . 

[0 075] T^f-AX-^!7-f-V2.1 2tf53fi» 

SrR&±-r-S Ci^T*^ . MK^^^y2 1 4 A>^x-if 
O^Jgtc. 4 OjESI*>oWfcaik^**^«JBEAt 

[0 0 76] 05fc4tf06tt. Ztl-Ztl. lJt&&M 

2 2<Dmm.m&7Frmm®x**>&. ^t>. asa,'7p 

[0077] 05^-r4at. ^^952 2(4. u 
TA9n r 72 0 SrSI^L^fc #C0X— T<7)#J§c7)Wffl!l 
tcRtt^!h.rv^*. $r*j, ^^SP2 2<0«l)«i34Z/ 

^oiotov^giwr*. 

[0078] ^n^M2 2(4. 0iMfi£<;:j$tS£*i*: 
( *H^®-C(4 6o)(J57l^-A221 Srfilife 
•J y?mmb . *7WA2 2 l SrHHU$-tir«.1SS (* 

mm&x-\t7r>)*>v>9*:-9 (mm) 222 

b. ¥S2 afcftft4>*i*:«R (*HSfe^@^i44o) 
<?)7U-A*;^2bi:^UV^. 
[0079] 15127 U-Jx-fcA-92 b{4. a-WU T 
/l'/o-7*2 0 fc»*U&fc # . a^ovtotrm is© 
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Wi3rm mts-wt^^b^^ms) x^&^miz 

[0 0 80] vy?mm±. mfl£:7lx-A*;l^2bt;: 
X-oX. fS2a^, U TJVyu—-?2 OZ^MLtzb 
%. <oa- f ofg^lffflSfcJR 0 tttt *>*vt v^ft . 

M) co^<r>yu-J^2 2 lit. a-f^'jr^n- 
r 2 0 £§«S#U: t # iz. i-1f<0t§<0lS 1 M®S«t 9ft 
^<a^fc*o^jWa«-frft J 3 fci£g$*U -icO 
7U-A2 21<93fcJSgKi. 7WA*/^2bC« 

[0 0 82] ifc. Uy^lS^S^ffll ((25+SHffl) 
^SBO^-A 2 2 1 ii. JL—WJ T)Vru-72 

-A2 2 KOgiSSffkL 71— A*/k^2bfc:*tU HI 
fif3Jf!gfcl£S£itTV->ft. 

[0 0 83] &tz. U^^«aW>«D^#7V'-A2 2 
1 (i^ i— <f # D T/l^a— 7 2 0 Lrt: i: # iz. 
:x_V?)*gtf)SfSl Mfi5i:ll2 U«Sfk^)ia<0«Wtti: s M2 
m5b&3WRibcDmom.blZ. 7l/-A^Si* { l 

-ASiSKls^t^ 7V-A*W r 2bfeHL. Sift 

*ra»cB»t3*vcv*ft. 

[0084] ^'J^t- ?2 2 2<9fgiW3 (®&7l) 

57l/-A2 21t:gi^.-«:i5*)« 'J^*- 
* 2 2 2 timttfoizmmmth i: . ft 7 V- 
A22 Hi. BSJg*|ft|fc:ig»L, ClixtwiO. 

221 ^sifcwaae sft-ft. 

[00 85] ^r*3. S5tcii. taur^tax-^ 

74-V2 1 2<0^2 12a^$nT^6. 
[00 86] 73^I6^SP2 2^«-7'W-A2 2 1^=&y 
^^^._^2 2 2(i. ^-n^il. 06^7irr«fc3(.C. fll 

xMMWyy 2 c 0>it»fc:iKtt£ivt v>ft . 

[0 0 87] S6lc*-r<):ot. 7l^-A#;\'- 

Sr^aj-rssa (*w^©-cti4-o> 0>QM$mi*& 

(ftgEUti^S) 2 3#mS£*VtV>ft. S-ftS^ 
&ib®23it. **i**U tt«»J:t/«»ft«ia-r4* 

dfctSttWC^ft. 

[0 0 88 3 -r&fc^. #{aas^«iaia52 3(±. 

ft^ftftSfcll^StVO^&'J^:?*-:? 2 2 2K 
IM+lljeSivC^ft. ftot. S-&fis£§*iaajg&2 3** 



. ^jEmzmm-t ft z b w% ft . 

[0 089] 4H&BiSM*as*2 3»i. *tl? 
it. &7>f?m<,z%m2tiX^Z><7)X\ *)T)V7u-72 

o <ofimwe>j$x-$:miint ft <i t #"c# ft . 
[00901 **. 03 iztfct x o iz. imm^mth^ 

2 3it. a^PUTA^o— 7*2 0fcJS»Lfcfc*. 

>j r;^n-y 2 o^BssossgtuogPiatcffl^-r^'fita 

[00911 iiifeffiiBS3Mftaia2 3 te<fc 0 , U 
cOffiSfci tfg&SrilflfcifiJI^ft i**^* ft • 

[0092] ji%mM2 2 iz x zxnm&tft 

2»PWMf-^ >Jy^*-^2 2 2Sr®!|S 

[0093] mmtfot ^--w^^boigMcomm 
it. mdMM%£&2 i<7)i§&bmmx'h&. 
[0094] mrnmrnmsit. ^jul^pwmx- 

^t. WM^h^)y^^-^ 222^-t^f-^b 
*VTfr?'K-72 0< l Z&m-&. VTA*? v-72 0 

■9222 -k?hi£tifoK.WfBm t . nmth &7 w-a 

2 2 1 £ Rfr ^73 f6ll=:lHliJ$^. l'--'* 2 2 1 <7)«S 
*W$&. -T^*>*>. 'jy?«iOSOW)7l/-A2 2 

[0 09 5] 2 2 1 ^JSPgt^i; 0 . 

[0096] zv>Dnwm2 2it. m<tfm 
<7y&mzmm^zmL<vmmm%<omm£mwi-rz>ffi& 

[0 097] i!5lc5rrJ:oC. mm<r>yu- 
A2 2 lSr®ift$-fr. A2 2 1«ft**8BW& 

di:tcj: 0 . *7l/-^*;l^2 b^^{gSr^< t* 
0 , * /^<i Lti 0 f ft - b. tfX'Z h . 

{0098] mm. is.smmmm^2 3<mmm^ 
-t7v<y7mx'h&. vi.mm®mit,&2 3izit. *m)& 
j&mx'it. H3S3-f;u^ (m&34>\,w.) <n®m.*z>-*r 

tfm^tl*. -r**>*>. 2 3«. H7 
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tC5r$\fc3fc:. XX\isi&itizi4}U2 3 1 4:. Y^tktii 
3^2 3 2 4:. Z#|*rt*aS3>r/P2 3 3£X-ffi!&$tl 
h. =&r*5. X:fr|6]4:. Y^-rSJi:. Zfimtli. m^lzW. 

[0099] 'mimsmsM*. manf&t 

<rmRm3s (X^rrpj3-r;K Y#i*|3-f/K Z#[6j:i 

coioo] w.#&&&x'¥t!kLfzmmi. tewmm® 
ta^2 3x^kta^ti?>. z corns. m&mLSwxjjfa 

»#fc»4U -eix<?il£. ffi{E»»«im»2 3<0X* 
[6)8**3 4 ^2 3 1 . Y;fr[tn&ai=M^2 3 2&XVZ 
HftWUtiO-f )V2 3 3<7>3m34)VX'&&-?h. 

[oioi] &Kgf^ajg&2 3t;:J:-p-cxYZ#:fri*j 

fcowc«as3*ifc4HB9 mta-r-9) te. 

ft. ft-tMSa52 5<Oiii|gg52 5 1(CT»*3*U A/ 
D^mgP2 5 2tCTT^^fi-t(^^$iX^m, 02 

fcis-f fg^5S»s» 2 6 traj:fc$*u i ^m-f-itsma 

[0102] tif$g*!yi§§a8T*te. ffiK«*£*tU 

[0103] w&gm$&mw.5M3;. zcomtmmx- 
te. M®t^*LTffiffl-ri»B®^t,o. h 

[oio4ii8it {SM^mm^mms^mmmm 

[0105] tm^mmmsa. mmm < a— r > 

^tT<EHS^®«$r^-r^M«a^SI55 1 a. 5 

1 b 4: . IMt«0«IKSr«tm^&fi»Kttia[ 52a. 5 

2 b 4:. J^ffl^M^ (BMife) Sr)R0aOE]eiA^IS553 
a. 5 3b4:. SSH^flKOiBIffltefT 0»J»SIJ54 4: . ft 

6 4:. §g*g&5 7 4:. ft^ag|55 8fc $-{SI^TV^. 

[ 0 1 0 6 3 h 1 ote. <mm%m3£w 5 cowaAJi 
6. 

[0107] EflflA^SSS 3 ate. U^X5 3 1 1 . C 
CD (S^feS^) 5 3 24:. CCD^JffllgP5 3 3i:. C 
CD{U^li«igP5 3 4 fc£WLTW6. 

[0 1 08] l^X5 3 1KA#L*:3fc (3fcjg) te. * 
0)UyX5 3UZj:*). CCD5 3 2<7)5BfcK (S& 

te. CCD5 3 2tw«fcOS«iSttS. C1C7)CCD5 3 2 



OiBlftte. CCD©Jfflia55 3 3tC«kO$iJffll$nS. 
[0 109] CCD5 3 2*^aj^$^«-f-ii. CC 

D&t}mm5 3 4X'm®i*ti^ maa^&s 

' 3a*>^m^$n. l!9£^rfi^i&ga55 8(CA:Jj§'" 
ft. I5fS^>fiWl*»*S*i: ft-fi*£flS&5 5fc:j:9 

tt wmmw. 8 iciin $ ft s . 

[0110] 3ri3. D3fiA^)SI55 3 b*XHMa3 itffBfl 

te. mma*.Ji®5 3abfflmx'$>&cDX'. z^mw 
te. ^-rs. 

[O1H101 ite. {sssra^j^s 5 

US 1 aOf?§j£0iJ£^-r0 C/o-y?0. «^0) Xh 
[0112] M«g^g|55 1 ate. U>X5 1 14:. 

yxs 1 1 *mh^hvvx®wms 1 2t. xt 

7ty/t-^5 13i, *-?#JfiPa55 1 4^. 
L%\^y-7 4 )V9Zffiz.tzWL%m7K>**>V5 1 5 
4:. »AIBINff5 16 4:. J<v99.4h51 74:. Ay 
7 74 hftJffll&S 18 4:. h7Vy^5194:m 

[0113] ®i£f^SB5 1 alZ&^X{8te£.mM1&i: 
$ttTZ>mi. ^-,9 74 bfflWt$5 1 8<0®Wiz£ 
0. h5^y^5 1 9*^>-t. ^9=7 A hS 1 7 
^'IBIftL. '<y9?4 h5 1 7fre>m&m7r;'**>l>5 1 

[0 114] -£LT. tKARg»ff5 16te. a^t^ 

[oi is] u^x5 1 i*ij:rff^r*« 

tttMUaiS 2 a«A-7 $ 7-5 2 1 fctfrt . iOJKal 
i4:*<-C^S. 

[01161XT7 ey/t-^ 5 1 3<OlBI6te. 
^*Jfflia55 1 4t:«t x 
^ 5 1 3**JW£frmfcEMier*i: . P>X#Urtai«5 1 
2tCj: 0. U^X5 1 lte. JSt B B 0 a^N*^5 1 5££ 

[0 117] i^:. xt-/ty/W5l 3^Bfri£4: 

rnxmizmm-zt. vvxi&wmms 1 2tcj:o. u 

>-X5 1 1 te. ?gS^^^/U5 1 5*^MH-ri.* 

i6i. -tf£t>%. mmm<nmzim-th-}ifo*<&mth. 

[0118] Z<r>\s>X5 l l <0&a?)3Ogfc:J; 0 . 15 

i m*&£fmm<7)m&t:3m-t h zt&x%h. 

[0119] Z<r>V>X5 1 l cOGaoiSS. ttb 

*>. ButB^^rasmoiSisopste. ^-rsmn^ 

aiSU 5 2 a . 5 2b T'&aiS ill. ^«^<0^tScOffi«C 

[0120] am^ajs i bco^fci^ffl 

te. mmmm^S l a4:H«T*i.<?)T-. ^Olft^ 



! ( 9 

- .. } 

[0 1 2 1] Wm\£U52a.. 5 2bll^«f(7)a 

wtzcyfifiuzh a*» ( {Bg^PaTMffico £. ^m^: ft.£ 

•£«kafci/o^A>) ftt*art-?>*i&k . 5^ 

[0122] Si 2tix fl^£B«5«* 5 
2P5 2 atf>*?§j£0iJft5^-0 (/D7^i, glsSH) X'h 

[0 1 2 3] tRtt«lti»5 2att. A-7S5-5 2 1 
»HS*ftli**U #*3fcftiffi63-£*7'"l'*5 2 
2k. l^X523k. CCD (Jtm^f) 524k. 
CCD$WS$525k. CCDiii:J]ilit6S?5 2 6k. # 
fl3fcftfW4LED (ffcfcM*- h*) 5 27k. LE 
D»J»«528i:. h?yiSA?529bttLX^ 

[0 124] LED5 2 7C0IEKJ»4. LED#JfPg?52 
8^«t OWSfU -e<7)LED$lJfPg|55 2 8^)$lJfflIt«t 
0b7>^^5 2 9*^^-r-S>i:. LED5 2 7#|g 

KU LED5 2 7*fe*i^l-#a I Jfc£&*l.*. 
[0 12 5] LED5 2 7*^^:fen^^h5t{i. 7 
4/U*5 2 2£3§S&U ;n-7$7-5 2 1T'-£0-SI5 

[0 1 2 6] i£*£tf>B*>£><ORabfc (#30 

ti, ; v-7 S5-521 "C*«>-aWR»LT . 7 4 )V 
*5 2 2ftj»iU U^X5 2 3 9 . CCD524 

o^ffi (mum ±tc*wvcs«u %<m&w®. 

(SI*#<0BO«) CCD5 24lC«fc9S&£:h 
iOCCD5 24<0B»*i. CCD$iJffliaJ5 2 5lC 

£9Mfl3*i*. 

[0 127] CCD5 24A^aj^$^(i^-«, CC 
2aj&»&iMjS*u H9tc*i-«-9«ra»5 8ft:A*S 
tf$8«WIga8KS*<I£*i& . 

[0128] ^mmmms.8X'it. nefln-tsEAL. 

\,zfo%>ti* (<R^lSffifiW>k£fc:«U&ft-&#.i otVX 

>zm*w*). smu ^^j^^mmtLxmm-r 

[01291-^T. U>-X5 23fiW»fe7^ 7^5 22 

^Aif-r&^raft^ 7<)\s?5 2 2X'mnzti. **> 

fcj&*C**. iittcJ: 9, MaS^*^ 1 5fcfb* 
$tL/cffit«SraW«^«l2ttO®TS:R6it-r 6 i k 

[ o 1 3 o ] &*3. wawsm* 2 b^mstjitfflsffl 

(4. Mf*. 
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[0131] C <0<&S£[SSt^I£a 5 <± . 2£Oiffi<feJK 

ass . -r&*>^ iraaaaxjjfBs 3 

MISS 8 K>tf LT g« L IzWSkrf- ? (»*«-r- 
[0132] flWBEIiSB 814. DflQA^SS 53a. 5 

oBttf-^ftfftfw*. *uc. titwusas**. 

ffc£Lfcfi«2£ISkoH« (*WR) k. Witf. 

MW#t:mm<?>W£iK&to4tXW§£ffi&ffi£*Z>fc#> 
(DW&t ft-&j£Lfc£j£®« (&fflk&) Sr5^-®«r 

[0133] vm£.mm^$iW.5ii. mm^mmms^ 

bcomi&-T—ftei>b~3^X. *tf>S*ftWI3i5«»5 
1 a. 5 1 bftffiWC^-?"&. 
[0134] ffiL«ss^i£a5«. 3£»3iVC 
V^UT^O- X2 0. -r^r*>^>. JL-lfO^lfca* 
WWKS»5 1 a. 5 l b(?J:9**3ivCV*41H!itf> 

ffcfc. 9tiM&i*8F5 1 a. 5 1b^^-fS. 
[0135] i«**.H»Lfc id fc. DTWO- 
X2 0 fc»ttfe*tTV^«R<0flL«WM*aj*2 3^ 

jg^ ^ Bi^2WffiH!mS8(c'C1Stt$it&. 
t**>*>. 1t#Baa^S8{i. UT;W^n-X2 

ife^SS5 1a. 5 1bteJ:9«*S*.TV^*iB«0« 

[0136] $t-?x , a— tfW^lb&WflWblHWS 1 
a . 5 1 b te J: 9«*«*LTV^*H«W)««rt*2A-'^ 

955 1 a. 5 1 b£*5*3*l&. 

[ o 1 3 7 ] lt . u r/w^o-r 2 o-ftaai tfc* 
^(omx&nmmzmiL. m&mtF&s u, sib 
tzm^znx ^h<m.£fiMmzt5^x *<r>^*?mtm 

[0138] fiHB6»«iai«5-6tt. {SSSra^r^a 

5*><ia*j -r=5:^-*=>. $mm<?>mm mm 

«fc If JB»ft « fc«X0* >*rx'h h . ^ 
-T=6:i5*». «IEfiflBMM«a*2 3k 
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[0139] fiS^«ffiS|55 6*^<0ft-t (^{Ht- 
SrSfU fi^Sfi^5 5(:<tOS-if$g3!!lSgS8(c: 

[ 0 1 4 0 ] ftof. MZtfWgSEl&r&iE 5 
LfcJL— r##£i&*»Us:«-&fc:l;L M&Si^P5 1 
a. 5 1 bfcgKt$it4flaa2SlilB«li, jl— iWfflv* 

[0141] fem • *ISi^fA 1 <D®># 
(flMB) {cov^Tl^HW-^. ZZX'ii. jl— fcfcsg 

taws. 

[0142] JL— U T)V?X3 

-72ozm&z*ti?timmL. w%vtowgg.m< 

fHfUj^H 5 c7)M<£?t^g& 5 la, 5 1bfc, IKS^— 
[0143] a.-'r<?)MUffiW&m5 la. 5 

{&^^mzmmt*bLxm*2tiz>. jl 

[0144] «?S«La^S8(i. <K^I8MfZ&ft& 
■JvUrivejL-**)— gp K) Jl- 

T)vyu-72o\,zn\^x. mo5£v-hm:%Aiiz-£ 

izmlx. Btts-&&H0j%&tf2 1 1 &£tf*<Qmb 
tcfflt^pwMx-^> mmzitz o 2 2 

2&±V*:<r)Wmizm^h PWM-r-^&fc'SriUfi-r 

[0145] U 0{i. ffi fgi5!iS^g8*» 

^^Ci^t, ^S££*t*:#»)«3&£g|S2 1 1 Sr. 
WTft. ft5g£ix*h/l^T^$ftfci$fa/WPW 

y\?*-?<D--&tm-jmt%^tz®Mzffl&ztix 

^Z>&M3m^t>2 1 4<0&j§41K2 1 4 aj&ttfefflU 
M/t— y^n 3.-9 cry- gpt j^tSrofc 

jl— r<?&mitzttLxfim&*x.ti>ti&. 

[0146] |5|l$t;:. V T)Vyu-zf2 OJi. tt$g*!UI 
2 2 2 Sr. **t-?*U h^-CflUgStU:^ 

raK5*tPWM§j»fc:j:o«attf *. -rfucio. n^tr 



hJ}tfiz.-<f<D&%i<n%mmzft LT-S-x < "'" 

[0147] ifc. jl— f S'fefzfiBB/t— y-ftlo 

MSSHfcfc'&intT, H«SUkSS5 la. 51b^=«f 

[0148] .r«>i§^. flffiBOagSSti* WTZtitz 

*-izht^<mK#Bc?>mtz<m£.fgMmx'?im- 
&t&<r>m§gMm&crMi&?--? zzu&Lxmggm 

?(iZi>b~J^X. ESn-vt^nytA-^f^ 
[0149] fcLLifcBJJ Lfci o fc. ^JBSiif ^M2 

xi/mi* zti?ixiEm^vmizm7ii-t$> a*c* 

[0150] dturj: 0 . .jl— f ti. {R^^CfcttS 
(lift) ttjiic. S^oWUCc, «odt3&>' 

[0151] mz. mn^.^2 uz&^x. m-z. 

x-^v-f ^2 1 2<7>W*-Zm±-?ZZkiJ s X'Z . #84 
ti^ey 2 1 4 *^ -5-^itJ--if<7)#tilKt:. i 0 

[0152] iitic«t o . jL—tf{i. msg.ffimmizzi 
i-f&&%m<?>m# wnm) wtmHzttm-r&mt 
x <ojEmfr-ommiz&mmx'mizzttfX'Z h. 

[0153] i^:. mm&&2 lTtt, S-lgJSKttL 
1 2#ffia$*U W^fAX-?7-ft2 12^ 

# jrs z\ t iz i o x&mmtzit l x\mmw.tt zs-*. 
ziotzz-ix^hnx'. mtz^t&tivxvimzm 

[oi54] jinm.^2 2&V >?wmttL 
x\^h<7>x'. m&MfLx^zim. m*Mfx^z# 
m<7)^-rtiizt5\,\xi>*ij&r&ztwx'Z. ztuzx 

Os iO«Ht. ZmiztfLXJj'f&S-x.&ZttfX'Z 

[oi55] ^rfc. iMttimmmmxit. mmmt l 
xmgsfflwmzxmTjkZtLx v> */t— j. 

SrlRa 5 ^rrttcfi^-r S i b t>"C# S . flt«*^lRft o 
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[0 15 6] ifc. #fSBHTii. W&gffiM&tfmwZ,, 

[0157]^, *fffiB<OttJ!Hjl5^iao»2*iBe 
JBfco!rYCK8H-&. 01 3<2. *2£ttJB»0>ttSIHI 

[0158] ar. »2*st»JB<o«sita^af2fco 

[o 1 5 9] hi 3 (a) iz^tioiz^ m2mtmM 

? omed 2 1 1 a&«;i*«i:wi£» (&m#gt) 
2 1 1 fc. ft#*m»sBii(Briitei!»s*ufeT^f-ax 

-^-f* (T«r«lttSr*r4»«ft) 2 12k. M^Sr 
.^S*4fcftfcSII&#ffi^«iS«Hjl5H»2 1 6k£ 

[0160] tt£i&i*&2 1 6 {2. a.— ^cOjgJStC^M 
JEa££ft&. ttX&i»2 1 6 ti, SSJg&MO 

[0 16 1] £<OM0IHJ83S»2 16I4. aslWKfr (if 
ESS) 216ak. W.20MX F»> 2 16b 

kt1«j££*VtV^. mwKJTr2 16afcJS2tf>*pTr 
2 16bkl4. -JWIIfc:feVvt»£3*VC*5D, »10 
«[£-2 1 6 aOf&lMMctt. »ttfc«»"r*»»'"C** 
«/NSr«l*»2 1 6cim.Vt>tiX^&. ZCV&M.U2 

16ct4. tflRlf. m*5«tf2 16atf>tfS£»2<0 
«fr 2 l6bmrfflttTSift$#&£k£2oT^j£r 

[oi62]i^, tttt«a&2 1 6<obuib-^ois. -r 

01.3 (A) 4>£fi8«>fiMn** 013 (A) + 

[0 16 3] fl<0«fr216at, Sfl208Ut2 1 6 
bb<?>$Hz\i. $&l<?>W i i2 16a^ft*n«l*ilW-r 

4P3tt«o#-f h* (»«dSrma«#R) 2 1 7**i&g 

[0 164] HWHIiS«2 16*5013 (A) + 

TWfcli, fl»£«2 1 8jWBMS*VC*3 9. SSS^il^SB 
2 1 6(2. £0#£«2 18{:^T8i (X7^ H) 
L»4J:3(c$r-»T^*. St^^SS2 1 6 

{2. *<0H1 3(A) ttm<QWKtm&LX^&0) 

x\ wm^mmz&wrt& ztwx-z h. 

[0165] lfflWf4 H»2 1 712. fl«i«2 1 8tcH 
ff*.*(2 18(2. ^&2a.Kzm%£tlX^h. 



-f3r*>*>. #4 H*2 1 7*iJ:M¥£*2 1 8<2. ft 

[0166] 2 1 6<0»2«0«fr-2 1 

6b<O01 3 (A) T^fiX-^""* 
7^2 1 2?>— 3g#l!£$iVtV^. 
[0 167] i«]?l£Sfl2 1 1W£-*21 1 a<7)|gffij 
H2 0T^^-aX-^V^-^2 1 2jW»*ttfc*l4fc, 
**>T*f- j.x-^v>f ^V2 1 2 J2. JBJKfc:»->THl 
3 (A) (*Bo3Ml*rtl) tSBWU- vlftkki 

(CT^f-AX-^7^-^2 1 2fcUM*Hje$*lTV*&tt 
B«jfc»2 1 6fcf&K(C»->THl 3 (A) +fcfil!fc» 

[0 168] «LOK. 01 3 (B) toir$-J:3fc:. ME 
ji9ff2 1 6^1«tfr2 1 6 al2. #4 H«2 1 7 

£2 oti 13(B) ttm^a&&}tf®mzti&*.k 

ifc. #4 H«2 1 7 £#4 F§*Ut. 013 (B) + 

ussMsvsth (*&K(ci*ioT55aj"r*) . -r^t.. 

fltiH£i3ff2 1 6**3¥13gSBU ^l<0lSfr2 1 6 
aDS&PBl 3(B) tc^rf^fc^HStLSik 

-c. «s&&2 1 6 ct2. }&jR^)«mfcStb«er*K-t*' 

[0169] 7;t*x-^7>ft2 1 2(2. 154 
%Wr^2 1 SOWtft (SMfcft) £2 9.013 

(B) t^H (m<08l£-2 16a£^iii$-£&i:#<D 
7?faX-?7^-\'2 1 2<?)&Wri3ftb®3}ft) HZ4* 

mztih. -r^h-h. zcr>nm&^®2 1 6 <mio« 

>¥2 1 6 a ) (2. f*»#afcJWa*. 

[0170] Htnesji!i!a52 i 6 c #«KSttJLa-*=»» 

[0171] dOS)ff*«. a««)*ffi««E«*»2 1 o 
^)dt.«JBffiS*tfc#ffi«K»**2 1 0X*Ztl. i 
n^2 0. jL-HT<o*OJBJKtc«l«E*W*S*t* 
^S) . 2oT. jl— TJ2. ««ffilflH«fc*Ht*» 

[0172] ttH^S*l**tlttflltS6ife»2 1 OtCfc 
WC. ift^J^SS2 1 lOt-i' 2 11 aOBftWit 
T^f-iX-^»7-f^2 120**»l9«»*W». 
^ixSk. 84^^352 1 6^ffi7C^i (5ltt*) k. a. 
—f<omfre><?>E.j}l,z±^X. SiES*S?2 1 6<2. H 

13(A) iz^-tWRimizmz. ztuzxo. 

[0173] ^<7)S4^m^M2 ic2^{f. WBfitfcJB 

i ni^®^S!m^^^a2 1 . 

[0174] m±. *l^«itffi*SS5: . 0S^)^ 



1 



[0 175] 

{53§£wmm (famgmv&m) izmtx. mizKLxm 
M£jEm*onmizm7zt& z. t s . 
[oi76] ztuzx o . i—r mmm) i*. &msz 
miz&v&Mft (iftftO ®miz, ^novmnz. 

[oi77] xw&L^mirr&m&izit. <s 
mgnswmizjtitx. ^znLx^n^mt^nmz 

[oi78] ztuzx o . jl— x o-/i. &m 

[0®OfSm$riaBJi] 

[an xmivmffiTiiimnm i hs&bir& j:tf 
j£m*-m-t:0T'£>& . 

[02 ] 01 tc^-f U T)V7u-7-<r)imffi&LMtt 

[03] 01 ic^-f V TtV7u-7<r>>?Ymffi®M*7K 

[ 04 ] 01 iztjk-t U T;P^o-r<oi4^;^S5cofi| 
j£0fl£*rf*6M0-C'*>£ . 

[05] 01 tC^-T »J T/W^o-7"<7)^^^|»0*g 
j£09£SrT*hfi0T*£>£. 

[06] 01 IC^-T tf T/U^o-^^S&fcgBOjg 

^09$r^-r^a0-cs>i». 

[07] 01 (c5**- u T/i^o-roftB^&fiJSP 
[ 08 ] 01 fc^fc^rafl^B<o*M»l8j£fl|£: 
[09] 01 tc^iSSffi^^aoiHlS8^09S- 

[0io] 01 iz^vmm%mamw<7)wth\ji& 
[0in 01 izttc? mg.gmm7mw<o wism^ 
[0i2] 01 t^iss^^^gomiii^ajsp 
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[013] %2 mkTmnmm^mmnmtmM 
i • • - mm- jimmm-sXT-j*. 2 • • • mmmm" 

B. 20- ■ • 'J7;l^/D-y, 2a- • 2 1 

a • • • 2b ■ • • 7U- A;tvk?\ 2c • • • 

71— 2 1 • • • 2 10- • • 

&mmmi&. 2 1 1 • • • iw^a. 2 1 1 a • 

• 212 - • 7^f aX-?7>f t. 21 
2a-. • 213 - • • -VfiMSS?. 2 14- • 

• ilH^ey, 2 14a- • • £ttSu 214b- • 

• 2 1 5 - • • «Wl3Se>3a*». 2 16- 

• • SHIS^, 2 16a- • •®l<0Sfr s 216b 

• • • 2£2<7)«t#\ 2 16c- • • WSm. 217; • 

• #4 KSB. 2 18- • • J¥ 2 2 - • • ^Hflfe. 
S5. 2 2 1 • • • 2 2 2- • • U 

2 3- • • ttX£9M*ttat. 231- • • X^(6lSl 
SBa-f^K 232- • • Y3fr|6]}aa}=M/K 2 33 • • 

• z*ttj«taj3-f^, 24 • • -wm>. 25 ■ ■ m 

^Wm. 2 5 1 • • • tHHSR. 2 5 2- • • A/D^ 

26 • • m^m^im. 27, 28 - ■ -xh 

•y/N\ 29 - -fctil©lKaS. 30- • • M^m^ 
SB. 5 • • • <RS£HSUi3gB. 5 la. 51b - • • 
5 11- • • l^X. 5 12- • • \s>X 
&MWm. 5 1 3 • • • Xf7t^-^. 5 14- 

• • 5 15- • • iSAS*'**/!'. 5 1 

6 • • mumsm. 5 1 7 • • • Mv??>r k 5 1 

8- • • /N'-y?7-f hftJtiPgS. 519- • • h^V^ 

5 2a. 5 2b • • • imtfUtitt. 52 1- • • /\ 
-759-. 522 • • • 7 4)V9^ 523 • • • W 
X 524 •• • CCD. 525 • • • CCD#J«IgB. 
526 • • • CCDm**iilSS. 5 27 • • • LED. 
5 28 • • • LEDSiJffliai. 5 29 • • • 

53a. 5 3b • • DQflA^SP. 5 3 1 • • • P 
>X. 532 - • - CCD. 533 - • • CCDfcHSP 

5 34 • ■ • CCD£fJ;bii!«iS5. 54 • • -mm 
35. 5 5 • • tI-SBH^tS&. 5 6 • ■ • 

57 • • • 58 • • flWlSP. 8 • ■ 

• timwmw. 9 • • • mmm 
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F^-A(##) 3C007 ES07 EV22 EWOO HS27 

5E501 AA02 AA04 AC15 BA05 CA04 
CB14 CC09 FA36 



